ABSTRACT: Analysis of nine composite soil samples, each made of three replicate core samples and their respective background samples collected from Okigwe, Nekede and Orji automobile mechanic villages were conducted. Metal concentrations (mg/kg) above the background levels in the top 100 cm soil profile ranges as follows: 748-70,606 (± 10114.3) for iron; 99-1090 ± 251.3 for lead; 186-600 ± 180 for manganese; 102-1001± 201.9 for copper; 8-23 ± 12.9 for cadmium; 4-27 ± 6.0 for chromium; and 3-10 ± 2.2 for nickel. The order of abundance is: iron > lead > manganese > copper > cadmium > chromium > nickel, with Okigwe > Nekede > Orji. Pollution indexes show that the metals have similar pollution trends in the three layers (L -L ), with L (0-10 cm) > L (10-20 cm) > L (90-100 cm) in Okigwe, L
INTRODUCTION
A mechanic village is an area of open land allocated to automobile repair workers in the vicinity of an urban centre. A typical city usually has one to three mechanic villages, in proportion to its population and activities, but some cities have more. With the European and American automobile industries moving towards greener electric cars, the international trade on used motor vehicles is presumed to increase dramatically. As a result, great numbers of old fuel -guzzling cars of all models are expected to stream into the Atlantic coast of West Africa and largely to Nigeria and also to other developing countries in this first quarter of the century. Urban areas where the mechanic village concept is in practice will react to the increased supply by establishing more mechanic villages, whereas those not already practicing mechanic villages may buy the concept. This may amount to greater soil and other environmental pollution if the present poor waste management; the habit of spilling waste oil and other † † 潲 灯湤i 湧⁁u 潲 nwachukwum1@mail.montclair.edu † 慸: ‫‬ㄠ9 㜳 㘵5 ″4 㔶 automobile wastes on the ground are allowed to continue. The primary objective of this study is to have an overview of the trend and level of heavy metal enrichment of soil in the three MVs after 28 years of its practice in the basin. This is a first step towards introducing the concept of environmentally friendly mechanic villages in the region and probably the first environmental pollution assessment of MVs in this direction. Great numbers of literature materials exist on anthropogenic dispersion and concentration of heavy metals in soil, including Remon et al., (2005) ; Xinming et al., (2005) ; Liu et al., (2007) ; Onweremadu and Duruigbo (2007) . Heavy metals are considered serious pollutants because of toxicity, persistent and non degradable conditions in the environment (Tam and Wong, 2000; Yuan et al., 2004; Nwuche and Ugoji, 2008; Aina et al., 2009; Mohiuddin et al., 2010) . Extensive trace metal pollution of soil within and around MVs implies that water bodies (surface and groundwater) within and away from the vicinity of a MV may equally be polluted with trace metals due to continuous interactions between soil and water and high dispersion rate in the tropical rain forest belt. Virkutyte and Sillanpää (2006) and Huang et al. (2008 and 2009) , have used trace metal analysis to determine water quality in east Qinghai and in the Tibetan Plateau, respectively. Toxicity of heavy metals to biota above certain threshold values have been discussed (David and Johanna, 2000; D'Ascol et al., 2005; Feng et al., 2009) . Dioka et al., (2004) investigated blood Pb-level among a group of students on one side and a group of automobile mechanics drafted from a mechanic village at Nnewi near the Imo River Basin. Results of their study showed high lead blood levels in the mechanics, due to their exposure to lead in Nigeria petrol. This increases the concentrations of uric acid (357 ± 123µ mol/L) and phosphate (1.5 ± 0.5m mol/L), that may compromise liver and renal function.
Urban soil pollution can be assessed using pollution index (Pi). For example, Liu et al., (2007) , obtained Pi as a ratio of metal concentration in a contaminated soil sample and its concentration in a natural background sample, whereas Diatta et al. (2003) obtained Pi as a ratio of the metal concentration in a contaminated soil sample and the local maximum allowable limit (MAL) value of the metal. Metal enrichment factor (EF) has been particularly used to assess metal enrichments in sediments of rivers and estuaries (Ergin et al., 1991; Feng et al., 1998 Feng et al., , 2004 Zhang et al., 2007; Zhang et al., 2009) Karbassi et al (2008) also suggested the use of normal crustal values as base. According to Zang and Liu (2002) , EF > 1.5 suggests that a significant proportion of trace metals is delivered by anthropogenic activities (non-crustal materials). Hans et al., (2006) stated that EF values < 2 suggest minimal metal enrichment and values > 2 suggest various degrees of metal enrichments. In data analysis using statistical predictions and comparisons, Mandel (1991 ), Crowder (1992 and Rukhin et al., (1998) have used mean and Mu values.
Automobile wastes in mechanic villages
In Nigeria, soil pollution problems associated with spilling of automobile wastes has been reported (Onianwa et al., 2001; Ipeaiyeda et al., 2008; Iwegbue 2007) . It is commonly known that when an automobile is running, the engine oil, transmission oil and hydraulic fluid collect heavy metal debris containing Pb, Cd, Zn, Fe, Cu, etc. due to frictional wears. The amount of frictional wear and tear, however, is expected to depend on the age and conditions of the engine and the transmission systems. Predominance of old motor vehicles and continuous engine and gear box recycling are responsible for the increased wear and tear or the concentration of heavy metals in the used oil. Iwegbue (2007) determined metal fractionation in soil profiles at an automobile mechanic village waste dump near Port-Harcourt close to the Imo River Basin and observed a mobility order: Cd > Zn > Pb > Cu > Cr > Ni. His findings would have been peculiar to the dump, following the type of automobile waste at the dump, volume of waste and length of time the dump has been in use. Usually an automobile waste dump will consist predominantly of auto body scraps (Al), pieces of mild steel (Fe), electrical components and wires (Cu), short of other occupational wastes of mechanic villages as illustrated in Fig. 2 .
Description of the study area
Geographically, the basin is a 140 km N-S trending sedimentary syncline located at the mid south-eastern part of Nigeria (Fig. 1a) . It has abundant deposit of clay minerals, sand, gravel, shale and lignite (Onyeagocha, 1980) . The Orji mechanic village (0.41km 2 ) and the Nekede (0.55 km 2 ) are located in the sandy Benin Formation while the Okigwe (0.3 km 2 ) is located in the Imo shale group as shown in the geological map (Fig. 1c) . Fig. 1b shows the drainage network of major rivers in the basin and location of the mechanic villages. These rivers are predominantly the tributaries of the Imo River, which joins the Niger River that discharges into the Atlantic Ocean. The field work for this study was conducted between June and August 2009, about the peak of rain season when topsoil is predominantly wet, with fresh loading of metal contaminants at drainage collection points.
MATERIALS AND METHODS

Soil sampling techniques and analytical methods
Environmental quality assessment of soil can be made by various methods, based on the available data and the environmental conditions prevailing in the locality or region of study. Soil samples were randomly collected at drainage collection points along the direction of drainage in the respective mechanic villages, as illustrated in Fig. 3 locations were been identified within the drainage area of each mechanic village. At each location, samples were been collected at 10 cm, 20 cm and 100 cm depths. The three samples of each depth from the three locations were homogenised to make a composite sample of each depth. A background sample or the control similarly collected 500 m away from each mechanic village, against the direction of drainage. Samples were prepared and digested using 4-acid digestion method for total metal, in line with the USEPA (2007) 3050/305, as in EPA document SW-846. The SOLAAR UNICAM 969 atomic absorption spectrometer (AAS) was used for the metal analysis (Barabara et al., 2002; Pardo, 2002) . Environmental quality assessment in this study has been based on a comparative analysis of metal concentration in the mechanic villages' soil and their respective background values, rather than base on the values ofAl or Fe. Al and Fe being the most common crustal metals and their preferred use in automobile body suggests that the metals will be most widely abundant in a mechanic village soil. Possibility of metal complexes such as Al 3+ /F - (Corbillon et al., 2008) and metal/EDTA or DTPA Sorvari and Sillanpää (1996) may cause some difficulty when comparing trace metal enrichments in MV soils of different geologic environments using Al or Fe as reference metals.
Pollution assessment criteria
In this study, three different criteria were used for the pollution assessment: (1) Pollution index (Pi) per metal with significant pollution considered from Pi > 1. 
Where, Ci(m)is the concentration of the i th pollutant in mg/kg obtained in themechanic village. Ci(b)= Relative background concentration of i th pollutant (mg/kg),
Mean of Mc per mechanic village
Where, Mu: is the value at which the distribution is symmetrical and equal with respect to mean, Mc: is the concentration of metals in the mechanic village, and Bc: is the concentration of metals in the background. Using the formula of the Dutch system (Lacatusu, 1998; Chee Poh, 2006) , the distinction between soil contamination range and soil pollution range as established by contamination/pollution index (Ci/Pi), values higher than 1 defines the pollution range and those lower than 1 define the contamination range. Pollution range was divided into intervals that define: a slight (1.1-2.0), moderate (2.1-4.0), severe (4.1-8.0), very severe (8.1-16.0) and excessive pollution (>16.0), respectively. In this study, the contamination/pollution index is used for pollution classification (PC), and established per metal as follows:
Ci (m) and Ci (b) are as previously explained.
Physical tests
Physical analysis was conducted on the composite soil samples of the two layers (0-20 cm and 20-100 cm profile layers). The composite samples were tested for grain size distribution, clay-silt content, moisture content, and pH and bulk density. Rate of infiltration was also measured in the field by the ASTM (D3385 -2009) standard test methods for infiltration rate of soils using a double-ring infiltrometer. Table 1 represents a distribution of the seven investigated heavy metals indicating that the heavy metal concentrations in the top 100 cm of soil in the three mechanic villages are well above the local background values and have caused severe to excessive pollution capable of serious ecological and public health hazards. This implies that metal pollution levels in mechanic villages are not of natural geology or the processes of weathering and deposition. Though the threat posed by trace metals to human health and the environment is thought to be dependent on their speciation in the soil solution rather than the total concentration (Murray and Hendershot, 2000) . For example, Igbozurike et al., (2009) tested cassava plant tubers (a most staple food product) harvested from an abandoned sewage sludge dump near Nekede and observed high heavy metal concentrations compared to their background levels. This is the type of future research most recommended in the vicinity of mechanic villages in order to advise the public on safe farming distance to mechanic villages in the contaminated soil. Similar test on vegetables and tubers cultivated within and around mechanic village direction of drainage is recommended in future studies. The pollution index variability analysis shows that metal pollution across the mechanic villages has significant spatial variation with respect to depths. Considering the average level shown on the chart as a local threshold for each mechanic village, the potentials of each metal for pollution can be observed from the range of pollution index mean value falling above the threshold value, which is more strictly defined by the standard deviation curve. The metals that have the highest pollution potentials are in the order of Cu > Cr > Mn > Pb at Okigwe (Fig. 4a) , Cr > Mn > Cd > Pb > Cu at Orji (Fig.  4b) and Mn > Cu > Cr > Pb at Nekede (Fig. 4c) . The metals with the most variable pollution potentials in the mechanic villages are Mn, Cr, Pb and Cu. As a background metal, Fe is in excess and not included in this analysis to avoid distortion. The analysis shows were found to increase with depth of the layers in the sandy Orji and Nekede mechanic villages as against the order in the Okigwe mechanic village except for Mn (Fig. 7 ). Above models (Fig. 6a-c Quantiles of greater concerns. Fe is not included in analysis due to its excessive background value that could submerge other values. The disparity in abundance can be attributed to a number of factors such as: a) characteristics of the topsoil; b) number of years the mechanic village has been used; c) drainage area or size of the mechanics active area; d) the degree of activity, which accounts for the operational or the workshops density, reflecting on the volume of waste generation. The mechanic villages handle all classes of motor vehicles; thus, waste generation and the resultant soil pollution varies from sections to section and suspected to be greater at locations where bigger trucks are handled. This will be investigated in future research. The order of abundance of the investigated heavy metals causing soil pollution of greater concerns within and around the mechanic villages is as follows: Fe > Pb > Mn > Cu > Cd > Cr > Ni. The enrichment similarity between Orji and the Nekede mechanic villages, suggests the existence of similar soil characteristics in the two sites. Metal abundance in the 100 cm soil profile of the three mechanic villages (Table 1) , shows similar trend of heavy metal enrichment in the 3 layers of the three mechanic villages, with exactly the same order of abundance occurring in the 0-10 and 10-20 cm layers of Okigwe and 10-20 cm layer of Nekede and Orji (Table 2 )
RESULTS AND DISCUSSIONS
Analytical results
Result of physical analysis
The infiltration rate at Okigwe varied greatly beginning at 38.1 cm/h and ending at 2.2 cm/h. The total depth of water was 12.7cm in 2 h and 14 min, giving an average rate of 5.7 cm/h. At Orji, the infiltration rate varied from 25.4 to 15.24 cm/h, for an average rate of 18 cm/h. Okigwe topsoil has a higher initial infiltration rate than Orji topsoil, but becomes impermeable in about 3 h as its moisture content increases. The topsoil of Okigwe mechanic village consists of abundant gravel and pebbles that causes high initial infiltration rate, despite the high clay/silt content (47 % -64 %) as shown in Table 3 . The pebbly and silty-clay ferruginized topsoil of Okigwe mechanic village located in the shaly zone of the basin (Fig. 1c) has wide distribution of particles ranging from 0.15 mm to 5.6 mm. Median diameter (Õ) of grains is10.1 in the 0-20 cm layer and 7.9 in the 20-100 cm layer, that causes the high initial infiltration rate in the Okigwe mechanic village soil. The Orji and Nekede mechanic villages located in the sandy zone, consists of fine to medium coastal plain sand (Fig. 1c) , with grain sizes ranging from 0.3 mm -0.85 mm and predominant in the range of 0.425 mm -0.6 mm. Orji mechanic village soil has median diameter (Õ) of 5.9 mm in the 0-20 cm layer and 10.35 mm in the 20-100 cm layer, while the Nekede mechanic village has Õ = 13.45 in the 0-20 cm and Õ = 12.95 in the 20-100 cm layer (Table 4) . Figs. 8a and b reveal that the mechanic villages have similar pH and moisture ranges under which all other measurements were conducted. The Orji topsoil has a mean pH of 5.75 and a moisture range of 20 % -70 %; the Okigwe topsoil has a mean pH of 6 and a moisture range of 7 % -75 %. As the moisture content increases, the Okigwe mechanic village soil swells, dropping the infiltration rate to a near impermeable state (about 2 cm/h within 2.25 h interval).
Pollution assessment
Values representing the maximum allowable limits (MAL) of heavy metals in soils vary from place to place. The values largely depend on the local or regional background and the threshold values. Some of the MALs have been established, mainly applicable to ecological development. For example, Kloke (1980) , Kabata-Pendias, (1995) and Lacatusu (1998) have all discussed the principles for determining and standardizing values of the maximum allowable limits in different countries. Result of pollution classification (Table 1) shows wide ranges due particularly to the high values of Pb, Mn and Cu. Generally, 57% of the 21 metal tests have PC > 16 in each of the mechanic villages. Okigwe and Orji share 9 respectively in the PC range of 2.1-16, while Nekede has its 9 remaining metals between 4.1and16, with only one in the range of 8.1-16. This implies that the Nekede mechanic village can be classified under severe to excessive pollution and the Okigwe and Orji mechanic villages classified Nekede mechanic village has a decreasing and increasing trends (mix trend) in both minimum and the maximum Pi ranges while the Orji mechanic village has an increasing trend (bottom-up) in the maximum Pi range and a decreasing and increasing trend with the minimum Pi range, based on the Pi values (Table 5 ). The decreasing trend of Pi values in the Okigwe mechanic village implies reduction in metal concentration with soil depth. It is expected that bioavailability phases of the metals, including exchangeable-carbonate bound, reducible and oxidizable phases in the shaly Okigwe soil will be greater than the coastal plain sand Nekede and the Orji mechanic villages' soil. The silty-clay characteristics (47% -64%) of the Okigwe mechanic village soil (Table 3) will enhance changes in soil electrode potentials and redox reactions. This will influence the release and retention of elements in all the prevailing phases (Charlatechka and Cambier, 2000) . The pebbly nature of the Okigwe mechanic village topsoil (16 % -30 % pebble) against 0 % pebble in Orji and Nekede mechanic villages is responsible for the high initial infiltration rate at Okigwe. The high concentration of Pb observed in the three mechanic villages can be attributed to frequent and erratic emissions from automobile exhausts in all the workshops; a common practice in the MVs particularly after each engine recycling. Gasoline used in Nigeria are from several sources (local and imported), so that the methylcyclopentadienyl manganese tricarbonyl (MMT) in gasoline is not ruled out. MMT breaks down quickly in the car engine into compounds of the metal Mn. Colmenares et al., (2000) have shown that respirable size particulates with a mass median aerodynamic diameter of 2.5 µm or less (PM 2.5 ) in vehicle exhaust contain manganese primarily in the form of a manganese phosphate and/or sulphate. The abundance of Cu is also well understood, this is due to the wide use of copper and its alloys particularly in auto-electrical parts. Sabah, et al., 2003 used regression analysis to develop a number of predictor models for corrosion based on metal types, their location, number of months of exposure to the outside environment and the number of degrading pollutants in the air. They found that Cu and Fe were the most corrosive. This implies that automobile body scraps that litter, or dumped, and the unserviceable (junk) vehicles abandoned for years in the mechanic villages pollute the soil. High acidity (mean 5.75 for Orji and Nekede MVs and 6.0 for Okigwe MV) thus enhance metal corrosion because heavy metal solubility is strongly dependent on soil acidity. Shuman (1995) observed that the addition of NTA (nitrilotriacetic acid) in his experiment place Zn and Pb in potentially mobile forms.
CONCLUSION
The three parameters used in this assessment: Pi (per metal), Pf and PC all show that the Okigwe and Nekede mechanic villages share similar degree of pollution than the Orji mechanic village. The degree of mechanic activity or population of mechanics and their workshop density affects the degree of metal enrichment in the mechanic village soil. Orji mechanic village has the largest slope and drainage area, with less workshop density, which supports wider dispersion of metal contaminants from the mechanic village, thereby reducing metal concentration in the soil. Uncontrolled spilling of waste oil on the ground must come to an end, following the introduction of extended producer responsibility (EPR). There is need for trace metal speciation and bioavailability studies within and around the mechanic villages, also to assess the lateral extent of the pollution.
Environmentally friendly automobile mechanic village concept
Environmentally friendly automobile mechanic village concept implies that EPR can be established for the disposal or otherwise recycling of used motor oil, a process that can be structured with the major petroleum marketers, whereby gas stations could periodically collect all used oil stored in mechanic villages and the mechanics are obliged to store the used oil in plastic barrels rather than the present attitude of spilling on the ground. Waste oil EPR is to be enforced under a government regulation which demands ur gent con sider ation . The poor infrastructural development common in all the mechanic villages such as the lack of concrete floor workshops and tarred roads, lack of toilet and emission testing facilities, lack of engineered drainage system and storm water management facilities calls for immediate action of redevelopment and soil remediation in the mechanic villages. Mechanic villages properly planned and mechanics are to operate under a defined code of practice. Continuous education and training should be provided to the mechanics, emphasizing on the environmental implications of their poor occupational waste management. Code of practice an d specific regulations guiding the establishment and the operation of mechanic villages must be in place and accordingly enforced. The ecological and public health implications of severe to excessive pollution of Fe, Pb, Cu, Mn, Cr, Ni and Cd, in the soil, at the various levels measured only after 25-30 years of the mechanic village practice are enormous. If the mechanic village concept is to be practiced based on its numerous advantages, the practice must be environmentally friendly. A comprehensive waste management plan for mechanic villages need to be established. Efficient and affordable soil remediation program by phytoremediation using local plants (Agunbiade and Fawale, 2009 ) and installation of groundwater quality monitoring wells in the direction of drainage are recommended in each mechanic village. Distance of wells from the mechanic villages will depend on the proximity of human residence and shallow domestic water wells to the mechanic village. Monitor ing wells will enhance r esearch on groundwater chemistry and pollution. Toxicity L3: 1.6 -4.6 L3: 1.5 -3.6 Pf 0.8 or 80% 0.7 or 70% 0.5 or 50% Pollution classification (Pc) Severe to excessive (95 %) Severe to excessive (95 %) Moderate to excessive (85 %) *L1 = 0-10cm layer; *L2 = 10-20 cm layer and *L3 = 90-100 cm layer assessment of farm products, obtained around the mechanic villages, bioavailability studies for Pb, Mn and Cu, analytical assessment of metal dispersion up to 400m from MVs and study of local plants for phytoremediation of Pb, Mn and Cu within and around MVs are strongly recommended in future research, to improve the environment and the quality of life in the basin.
